This study investigated the treatability of tannery industry wastewater by electrocoagulation (EC). The wastewater sample was taken from a leather factory of Mixed Organized Industrial District in Bor-Niğde, Turkey. Treatment of the wastewater was carried out by an electrochemical batch reactor equipped with aluminum electrodes, which were connected parallel to each other. In the EC of the wastewater, the effects of pH, current density and electrolysis time were examined. The optimum operating conditions were determined and applied to the process. The optimum current density for removal of COD and TSS in the tannery wastewater were 18.9 mA/cm 2 and 22.7 mA/cm 2 at 20 min electrolysis time and pH 6, respectively. The obtained results indicate that EC reactor is the applicable option to treat tannery industry wastewater in terms of removal efficiency and operating cost.
Introduction
The tannery industry is among the most polluting industries in terms of the volume and the complexity of treatment of its effluents discharge [1] . Major chemicals used for leather manufacturing are lime, sodium and ammonium salts, fatliquors, bacterial and fungicides, tannins, dyes etc. [2] . Wastewaters generated by tannery industry are known to contain large amounts of potentially toxic wastewaters containing both organic and inorganic compounds [3, 4] . Tanneries effluents are also characterized by high wastewater generation in the range of 30-35 L/ Kg skin/hides process with a variable pH, high concentration of suspended solid, BOD, chromium, COD, and sulfides as well as low biodegradability [1, 5, 6] . The wastewater generated by the tanning, liming, and pickling processes in particular, as well as by the other processes, contains elevated amounts of chromium and dissolved chemical salts. Before discharging this wastewater into a river or other receiving waters, it is necessary to treat the effluent to meet the government's fixed allowable limits [7] . Tannery wastewater treatment represents a serious environmental and technological problem. In fact, after conventional treatment (i.e., chromium precipitation-primary sedimentation-biological oxidation-secondary sedimentation), effluents still do not meet the required limits, at least for some parameters such as COD, salinity, ammonia and surfactants [8] . Conventional physico-chemical treatment methods for tannery wastewater consist of chemical oxidation/precipitation, sedimentation, coagulation/flocculation, adsorption, ion exchange, etc. [9, 10] . Conventional biological treatment methods are often inadequate to completely remove pollutants in tannery wastewater [8] . Due to the limitations of the primary and biological wastewater treatment processes, alternative processes have been pursued [2] . In recent years, there has been increasing interest in the use of electrochemical methods in the purification of various industrial wastewaters. Although electrochemical methods are available for more than a century, it now appears to be one of the most effective approaches having the features of low operational cost and high treatment efficiency [11, 12, 13] . One of these processes is electrocoagulation (EC) which has achieved much attention due to its attractive advantages as: simple, reliable, and cost-effective operation for the treatment of wastewater. In fact, it involves dissolution of metal from the anode with simultaneous formation of hydroxyl ions, and generation of hydrogen gas at the cathode which can be recovered for use as energy source or a reactant for other industrial applications [14] . There are vital advantages of EC as a low sludge production technology; secondly, the EC flocs are relatively large, contain less bound water, more stable, and amenable to filtration [15] . The fitting choice of EC materials is very essential electrode materials, generally, are aluminum and iron. They are cheap, readily available, and have been proven effective [16] . EC has satisfactory been utilized decades to treat wastewater of olive mill, restaurant, metal plating, domestic, tannery, rose processing, textile industry, etc [13] . The continuous mode of the EC process has however been less investigated, except in a few studies [1] . Electrocoagulation process provides a direct current source between metal electrodes immersed in wastewater. The electrical current causes the dissolution of metal electrodes, and the dissolved metal ions form coagulated species and metal hydroxides, at an appropriate pH. Metal hydroxides, which destabilize and aggregate the suspended particles, precipitate by adsorbing dissolved contaminants. Main processes that occur during electrocoagulation can be given as follows:(i) migration to an oppositely charged electrode and aggregation due to charge neutralization;(ii) formation of cation or hydroxyl ion (OH-) precipitate with pollutant;(iii) interaction of metallic cation with OH-to form a hydroxide, which has high adsorption properties thus bonding to the pollutant; (iv) formation of larger lattice-like structured hydroxides which sweep through the water; (v) oxidation of pollutants to less toxic species; (vi) removal by electroflotation or sedimentation and adhesion to bubbles [14, 17, 18] . In this study, treatability of tannery industry wastewaters by electrocoagulation (EC) was experimentally evaluated. Effects of pH, current density and electrolysis time were analyzed to EC process with aluminum electrode. The optimum operating conditions were determined and applied to the process.
Materials and Methods

Materials
Tannery industry wastewater sample was taken from a leather factory of Mixed Organized Industrial District in Bor-Niğde, Turkey. The composition of the tannery wastewater are determined using APHA Standard Methods and are presented in Table 1 . 
Experimental Set-up
The EC unit consists of an electrochemical reactor, a direct current (DC) power supply and two pairs of aluminum electrodes. The electrochemical reactor was constructed with plexiglas having a dimension of 9x10x10 cm (Fig. 1) . The electrodes were placed into 400 mL wastewater in a 900 mL plexiglass electrolytic reactor. The electrodes were connected vertically with a gap distance of 10 mm. There were four electrodes connected in a monopolar mode in the electrochemical reactor, each one with dimensions of 5.5cm×3.5 cm×0.4 cm. The electrodes were placed in the reactor vertical position, and connected to a DC power source. The stirrer was used in the electrochemical cell to maintain an unchanged composition and avoid the association of the flocs in the solution. The DC source was used to power supply the system with 0-15V and 0-3A. A GW INSTEK multimeter, model SPD-3606, was used for measurement the current and the potential between the two electrodes. The operating parameters and conditions are summarized in Table 2 . At the beginning of a run the wastewater was fed into the reactor and the pH was adjusted to a desired value using 1 N HCl or NaOH solutions. Electrochemical batch reactor equipped with aluminum electrodes, which were connected parallel to each other. During the whole experiment, conductivity and pH of solution was recorded. Electrodes were washed with dilute HCl between the experiments. Initial pH 2-8
Analytical Procedure
The wastewater analyses such as pH, conductivity, COD and total suspended solids (TSS)were carried out in accordance with the Standard Methods for Examination of Water and Wastewater. The supernatant were filtered with cellulose acetate filter paper before COD analyses. The removal efficiency (E) was calculated using the following equation:
( 1) where E is the removal efficiency (%), Yo and Y were initial and final values of COD and SS, respectively.
Results and Discussion
In order to improve the process performance, the effects of current density, pH solution and electrolysis time have been investigated. The removal of COD and TSS with energy consumption from tannery industry wastewater was investigated by EC method using aluminum electrode.
Effect of Initial pH
It has been established that pH is an important parameter influencing the performance of the EC process. Charge on hydrolysis products and precipitation of metal hydroxides are both controlled by pH variations [19] .To examine its effect on the treatment efficiency, the pH was varied in the range of 2-8 and the results are shown in Fig. 2 . Figure 2 . Effect of initial pH on the removal efficiency of tannery wastewater
It was found that the percentage of COD and TSS removal are higher at a near neutral pH. As the pH increased, there was decrease in the percentage of COD and TSS removal; efficiency was at its maximum at a pH 6.0. From the figure, we observed that the optimum conditions maximum COD and TSS removal attainables are respectively 48% and 43% with aluminum on pH 6.0, at the end of 20 min of the electrolysis time.
Effect of Electrolysis Time
Electrolysis time is one of the important parameter which affects the EC process significantly [19] . In order to investigate the effect of electrolysis time on treatment efficiency, the experiments were carried out by varying the electrolysis time from 20 to 90 min at pH 6.0 and the results are shown in Fig. 3 . From the figure, it is found that the percentage of COD and TSS removals were increased with increasing electrolysis time up to 60 min. Maximum COD and TSS removal achieved are 49% and 42%, respectively with aluminum at 60 min electrolysis time.
Effect of Current Density
Current density is one of the most important parameters which shows the significant effect on the treatment efficiency of EC process [19] . In order to study the effect ofcurrent density on the maximum removal efficiency From the results, it was found that the removal efficiency of COD and TSS was increased with increasing current density up to 38 mA/cm 2 and 22.7 mA/cm 2 , respectively.
Determination of Energy Consumption
Electrical energy consumption was calculated the following equation:
where E is the energy consumption (kWh/m 3 ), U is the applied voltage (V), I is the current density (A), t is the electrocoagulation time (h), V is the volume of the treated wastewater (L). However, it is noticed that increasing current density increases the energy consumption with time throughout the experiment due to the consumption of higher voltage during the EC process (Fig. 5) . 
Conclusions
In this study investigated the possibilities of electrocoagulation reactorto reduce the COD and TSS from tannery industry wastewater using Al electrodes. Effects of pH, electrolysis time and current density were analyzed to optimize the electrocoagulation process. Optimum operating conditions such as pH of 6.0,electrolysis time of 60 min, current density 22.7 mA/cm 2 show 49% of COD and 42% of TSS removal, respectively. The electrical energy consumption of the present treatment process in optimum condition was found to be 17.25 KWh/m 3 . The application of EC process to tannery wastewater as an alternative pretreatment was found to be very effective. The results show that approximately 50% reductions in all parameters tested.
